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STABILITY EXPERIMENTS ON ASPHAL TIC 
PAVING MIXTURES 


Reported by W. J. EMMONS, Associate Professor of Highway Engineering, University of Michigan! 


N ORDER to provide a background of service data | 
for the development of laboratory strength tests for | 


bituminous pavement surface mixtures, the Bureau 
of Public Roads built experimental sections of a wide 
range of compositions and observed their behavior 
under controlled traffic. These sections were con- 
structed as a circular roadway 180 feet in mean diam- 
eter. The foundation was reinforced concrete. The 
test surfaces were 13 feet wide between an integral 
curb, 2 inches in height, at the inner edge and a con- 
centric circle of experimental concrete sections which 
served as the outer curb. The roadway sloped uni- 
formly from the outer to the inner curb with a drop of 
eight inches. The concrete foundation was finished to 
a high degree of smoothness, as it was desired to ac- 
celerate the tests, and foundation roughness is quite 
generally believed to assist in the resistance to dis- 
placement of the bituminous surface. 


TWO SERIES OF TESTS CONDUCTED 


Test sections were constructed and tested in two 
series. The first series was composed of 27 sections of 
asphaltic concrete and the second of 28 sections of 
sheet asphalt and 5 sections of asphaltic concrete. 
The surface course in all cases approximated 2 inches in 
depth. The mixtures were prepared at local paving 
plants and laid by contractors’ forces. Surfaces were 
compressed with an 8-ton tandem roller. Due to the 
narrow width of the pavement, cross rolling was not 
possible. Delivery and placing of the mixtures was 
not always continuous, and for this reason the rolling 
was probably not uniform over the various sections. 
This may have resulted in lower densities in some 
instances, than would have been obtained in normal 
pavement construction. As far as possible, however, 
the procedure in construction was in accordance with 
current practice. 

As the tests progressed, measurements were made on 
the surface mixtures as follows: 

(1) The longitudinal displacement under traffic. 

(2) The internal displacement at various depths. 

(3) The temperature attained under prevailing 
climatic conditions. 


ALL SECTIONS REMAINED STABLE UNDER WINTER TEMPERATURE,, 


The sections were marked into thirds, with radial 
lines painted on the surface for use in measuring longi- 
tudinal displacement. These lines are shown in figure 2, 
and can be distinguished from the broader lines which 
bound the sections by the width of line and also by the 
two short lines normal to them near the inner curb. 
At each end of these radial lines, permanent metal 
reference plugs were set in the concrete. Wood screws, 
% inch in length were driven at 6-inch intervals along 
these lines. Before the tests were started, the position 
of each screw was recorded with reference to a wire 
stretched between the permanent plugs at the ends. 
Subsequently, as the tests progressed, the locations of 
the screws were similarly determined. 


1 Highway research specialist, Bureau of Public Roads. 
29183—34——1 








Figure 1.—Layineg SurRFACE Mixture FOR STABILITY 
EXPERIMENTS. 


The internal movement of the surface mixture was 
studied by observing the movement of short sections of 
¥-inch brass rod set one above the other and with a 
short brass rivet on top. Four such installations were 
made on each section in the center of the strip over 
which traffic was to be concentrated. They were 
located 2 feet from the radial lines and were referenced 
to the curb and to the wire which was stretched along 
the radia] lines to measure longitudinal displacement. 

Internal temperature of the pavement, was measured 
with thermo couples installed in several of the sections 
of the first series of tests. The scope of this phase of 
the investigation was considerably amplified in the 
second series. In general, temperatures were observed 
at 10 a.m. and 2 p.m., but some special work was done 
to investigate temperatures during a 24-hour period. 
It was found that asphaltic mixtures are more lable 
to displacement under traffic during periods when high 
temperatures prevail. Many mixtures proved to be 
stable throughout the tests. Those which shoved 
badly under summer conditions were highly resistant 
to displacement during the cooler months. Under 
traffic of the type imposed, no mixture, however poorly 
constituted, was appreciably displaced during periods 
when the average air temperature was lower than 70° F’. 
The results of the study of pavement temperatures have 
already been reported in detail.’ 


HEAVY TRAFFIC IMPOSED ON TEST SECTIONS 


Loaded trucks equipped with solid rubber tires con- 
stituted the traffic. They traveled always in the same 
direction, and the inner wheels were kept in a path 2% 
feet wide, as indicated by short longitudinal lines 
painted on the pavement. The speed was held as 
closely as possible to 12 miles per hour. In the first 
series of tests a 3-ton truck having a total weight of 
15,600 pounds, and a rear wheel load of approximately 
7 Temperature as a Factor in the Stability of Asphaltic Pavements, Public Roads, 
vol. 7, no. 2, April 1926. 
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aT RIES OF STABILITY EXPERIMENTS DESCRIBED 
5,700 pounds was used at the beginning, but later SS ae 


another truck was added to accelerate the test. This In the first series of tests, the circular roadway was 
second unit was a 5-ton truck, loaded to capacity, with | surfaced with 27 different compositions of asphaltic 
a rear wheel load of about 7,900 pounds. Approxi-| concrete. The intended variables were the relative 
mately 50,000 passages over the pavements were made percentages of fine and coarse aggregates, consistency 
between the start of the tests during the month of | of the asphalt cement, gradation of coarse aggregate 
October and its discontinuance about the middle of the | and gradation of fine aggregate. Trap rock, graded 
following August. from 1% inches to 4 inch, Potomac River sand, and 
Only one truck was used in the second series of tests. | limestone dust were used respectively, as the coarse 
The total weight was 17,800 pounds with a rear wheel | aggregate, the fine aggregate, and the filler in these 
load of 6,800 pounds. This truck made 64,000 trips | mixtures. — 
over the pavements during two periods from August} At the time this series of sections was constructed, 
28 to November 11, and from May 5 to October | no paving plant equipped with weighing apparatus was 
15 of the following year. As the first series had) available. All of the materials, even the asphalt ce- 
shown that no displacement was to be expected during | ment, were proportioned by volume. This practice 
the cold months, traffic was suspended over the winter | precluded strict adherence to the schedule of mixture 
in this test. The west side of the roadway was located | compositions and probably also resulted in a lack of 








FiGurRE 2.—SEconpD SERIES OF STABILITY TESTS, SHOWING SEcTION LINES AND Errect oF TRAFFIC ON TEST SECTIONS. 


in a cut, the top of which, some 25 feet back, was fringed | uniformity between the several batches composing each 
with trees and shrubs. ‘These cast a shadow over some | section. A number of mixtures, containing high per- 
of the sections during the latter part of the day. In|centages of coarse aggregate, gave compressed pave- 
late September, this began about 1 p.m. on parts of | ment surfaces of very open texture and a seal coat of 
sections 32 and 33. By 4:15, when traffic was discon- | asphalt cement and stone chips was applied to all sec- 
tinued for the day, sections 1, 2, 3, 4, 5, 7, 28, 29, 30,| tions. Table 1 shows the analyses of samples taken 
31, 32, and 33 were either entirely shaded or merely | at the paving plant and the movement of the reference 
spotted with sunlight which filtered through the foliage. | screw which displaced to the greatest extent under 
The stability of asphalt mixtures is reduced as their | traffic. In table 2 the mixtures are grouped according 
temperature is increased, and it was determined in this | to the consistency of the asphalt and the amount, of 
investigation that at a given time the temperature of | coarse aggregate and the approximate gradation of the 
areas exposed to direct sunshine was higher than that | fine and coarse aggregates are shown. 

of shaded areas. Therefore, it is true that certain of 

these mixtures were tested under slightly different con- amare ttre pint aden uae StL N 

ditions than the remainder for a part of each clear day. Most of the mixtures were satisfactory under traffic, 
It is impossible to evaluate the effects of these temper- | the maximum displacement of any reference screw in 
ature variations, but it is believed that they were not | one third of the sections being less than 1 inch. ‘This is 
great enough to influence the behavior of the mixtures |a negligible deformation which may merely reflect 
materially. internal readjustment of the mixtures due to added 
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TaBLE 1.—Analyses of plant samples (percentages by weight) and 
maximum displacements of asphaltic concrete mixtures of first 
series of tests 
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1 Analyses of batches mixed at different times. 





Figure 3.—ConpiITION OF SECTION 3 ON COMPLETION OF TEST 
SHOWING FULL AREA OF SECTION. 


compaction under traffic. A number of sections were 
displaced to extreme degrees, failure generally taking 
the form of rutting and progressive loosening of the 
bond between the coarse aggregate particles. The 
mixtures containing the higher percentages of coarse 
ageregate behaved in this manner. Subsequent 
examination of specimens taken from the less distorted 
areas of the sections which failed, revealed that the 
asphalt cement applied as the seal coat had penetrated 
to a considerable depth into these comparatively porous 
mixtures. It is probable that this excess of bitumen 
contributed largely to their instability. It was further 
noted that a large part of the coarse aggregate particles 
of these disintegrated areas were almost or entirely free 
from a coating of bitumen. This may have resulted 





TABLE 2.—Composition of plant samples (percentages by weight 
unless otherwise shown) and displacement of asphaltic concrete 
mixtures of first series of stability tests 


MIXTURES CONTAINING 45 PENETRATION ASPHALT 
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| | | rs 
Ins NWP. | Pet. Pe |Pet.| Pet.| Pet.| Pet. Pet.| Pet.|Pet.| Pct.| Pct.) Pct. 
As ee ee 0.3.) 6.32 40 | BEY eel ea) GE oe | 26 | 24 | 42 | 31 | 17 10 
yA ee hy a SO 0.5 | 5.78 51 Ade el 17 | 29 1) 2374) 28) T8038 jS1- 1.20 ll 
i): eee Ea 0.5 | 6.03 50 AD MCe sO TO UO eG Se Wh bs eb) lees! nee: 10 
LO Pee ae cet O52) (ONO. 61 Ba UO 16s) 18) | 161224 17 41) 30) 119 10 
Roi op ee ee 1.8, | 5.41 60 ri ee ee 6 | 22 | 37 | 18} 42) 29 | 18 11 
MIXTURES CONTAINING 55 PENETRATION ASPHALT 
Dee ee ee OD Onis oO 49 8 | 18 | 20 | 17 | 22 | 20'| 47 | 34} 11 8 
a eee 0.4 | 4,42 52 AS desea | Sof 20) 265), 19 18h 48 sh LOot= 7 
2 eae eee 0.9 | 6.20 49 eee Oh Che) ol lr 40 32) 2077 8 
18s Sa 22 1a G30 58 51 9} 19 6 | 22 | 24 | 20} 41 | 29 | 19 11 
tee A ee Re ay 34 Zit ee el ee Io 7. | 42 | 25 | 34 | 37 | 20 9 
PO) a SS es Ned PP dayell Conrail 55 AT Nese ila Geek 380" 20) 46 4 sOnre 8 
ae eee ae 2.9 | 7.54 46 38 i) 6 9 | 26 } 3h | 19} 23.1, 30) 27 20 
2S eee Ne 8 One 43 SOR ee eA LAO Qtek | 14 8841034 18 
FN? a i i id 9.4 | 6.48 §2 44 OS ve has) 22) oop 14 S886 V 18 13 
(ies roe Neh 23.8 | 5. 26 64 57 Gar ZO ee ates L640 SO a Lg) 1] 
La etter este 56.5 | 3.95 | 73 66 3 | Lb | 24) 22°) 24) 12) 33 |-27 | 22; 18 
MIXTURES CONTAINING 65 PENETRATION ASPHALT 
1A See a 0.4 | 6. 02 43 SOulesee}e ol LA 28 esl } PO Be | S382 9 
Seen aoe eee 1.4 | 4.83 71 C645 | See a leloeioO |ecoslans oon E20 NeZO, 19 
LO RL ease 4.6 | 5.47 55 RSS eet || PES OE) Boalt 12 Nstsy apa) O10) 10 
Gree cere 42.5 | 4.59 65 58 See Gal Lo eeaiee celelsal| ese | oleae 13 
MIXTURES CONTAINING 75 PENETRATION ASPHALT 
AD fk mee 3 ie. ee 0.3 | 5, 24 60 2.) AD: | 10)), 21 | 16 } 23 | 19 | 42 | 27 | 18 13 
DAS Sie sees Bp amet | ee (all GALT 50 42 |...) 13 | 24 | 19 | 30 | 14 | 85} 33 | 22] 10 
WO eS ee Bid ae 43 36 Nee Led none he 20nd: | 2800 16.) 0 
Oe emcees (6.407569 56 50 9} 13) 18 | 22 | 28 | 10 |} 38 | 32 | 20 10 
Dee ee oko) Ayas 65 ey el ales 24} 17 | 29 | 13 | 40 | 28 | 20 12 
Pe ee ee 6255 | 6.15 | 70 G2 Sea) 2 7 | 44 | 35 | 12 | 34] 24 | 22 20 
| | | | 
MIXTURE CONTAINING 86 PENETRATION ASPHALT 
5 = 
j Uh ele pa, ee 92,9 | 4.35 | 71 64 3 | 9 | 16 | 21 | 36} 15 | 37 |, 25 | 19 19 



































1 Average of analyses of batches mixed at different times. 


from the abrasive action during the progressive loosen- 
ing of the bond between the stone particles, but there 
is also the possibility of poor adhesion of the asphalt 
to the coarse ageregate. 

The number of factors which affected, in varying 
degrees, the behavior of these 27 mixtures under traffic, 
makes it impossible to build up a general theory which 
will satisfactorily explain the observed results. There 
are, however, a few interesting observations which can 
be made: 

(1) Mixtures which contained as much as 64 percent 
by weight (approximately 57 percent by volume) of 
coarse aggregate were, with one exception, badly dis- 
placed by the traffic. This behavior probably was due, 
as previously suggested, to the increased bitumen 
introduced by application of the seal coat, or to insufhi- 
cient mortar to properly reinforce the interlocking of 
the coarse aggregate. This latter possible cause may 
have been supplemented by a rather poor degree of 
adhesion or to a loss of adhesion of the asphalt to the 
coarse aggregate particles. 

(2) Mixtures which were highly and equally stable 
were prepared with asphalts of 45, 55, 65 and 75 pene- 
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tration. The amount of bitumen in the mixture and 
other details of proportioning are undoubtedly far more 
important factors in their effect upon stability than is 
the consistency of the asphalt cement. 

(3) Most of the mixtures contained fine aggregates 
which were considerably coarser than usual aggregate 
specified for sheet asphalt construction. The fine 
aggregates of those mixtures which were most resistant 
to traffic displacement did not carry high percentages 
of filler. The average fine aggregate oradation of the 
five mixtures prepared with 45 penetration asphalt, all 
of which were highly stable, was substantially as 


follows: 

Les esiuaves FO\G), IMO), mdenareral TOKO, AMO MONO. . oe a ss oe eeeecee 40 

Rassinosnor:4 Ofere cane Gm Orme OES civ, Cee ee eee ere 31 

Passing no, sO. retained moe) UR SLC yc ae aman eee es 19 

Passing =n ores 00a Garlic Glee arses ee meee ener See es ee ees 10 
ABO H eS De lees Se ee 8 ee ee a ay 100 


(4) There is no indication that the gradation of the 
coarse aggregate affected the behavior of the several 
mixtures. If gradation is of significance within the 
range of sizes used, its effect is obscured by the greater 
importance of other factors. 


SECOND SERIES OF STABILITY EXPERIMENTS INITIATED 


The difficulties encountered in correlating the results 
of the first series indicated the necessity of tests with a 
smaller number of variables involved. <A second 
eroup of sections was planned, the major portion of 
which were sheet asphalt mixtures. Hach was to be of 
different composition and to be laid 2 inches thick 
directly on the smooth concrete foundation without 
the customary intermediate or binder course. A few 
sections of asphaltic concrete were included to obtain 
direct comparisons with sheet asphalt. Dense asphaltic 
concrete mixtures were designed to avoid the necessity 
for a seal coat. Table 3 shows the schedule of mix- 
tures. Potomac River sands typical of those used 
locally were used with the exception of a very fine 
sand imported for mixtures 1 to 5. This fine sand was 
blended with the medium sand used in mixtures 11 to 





TasLE 3.—Schedule of mixtures for 








28. Trap rock was not available for the asphaltic 
concrete mixtures and a hard limestone was used. 
The asphalt cements were refined from Mexican crude 
oil and, with the exception of those which conformed 
to standard grades, were specially prepared, presum- 
ably from the same stock. Their test characteristics 
are given in table 4. The 42-penetration asphalt was 
drawn from the storage tanks at the paving plant. 
The other asphalts, of which only small amounts were 
needed, were heated in small auxiliary kettles. 


FAILURES EXPLAINED BY FAULTS IN PROPORTIONING OR IN 
MATERIALS 

One truck load was sufficient to surface each section 
of approximately 25 square yards. The frequent 
changes in formula, with the necessary substitution of 
agerevates and asphalts, resulted in considerable delay 
and difficulty in proportioning and in the control of 
temperatures. The 33 mixtures were produced in 
two working days. Large samples of each mixture 
were taken and their analyses are shown in table 5. 
Some discrepancies exist between the mixtures as 
planned and the analyses. Those which involve the 
percentage of filler are doubtless due to variations in 
the content of the Potomac River asphalt sand passing 
the no. 200 sieve. This sand was used from the con- 
tractor’s stock. Sheet asphalt section no. 16 is an 
outstanding example of such discrepancy. No filler 
was added to this mixture, but repeated tests on samples 
yielded between 9.0 percent and 10.0 percent passing 
the no. 200 sieve. 

Although the mixtures do not conform in every 
detail to those originally outlined, they do cover a wide 
range of composition and it is quite certain that each . 
section is uniform. It is regretted that mixtures 
typical of the high filler combinations which have 
been popular in some quarters were not included in 
this series. Mixture 19 carried a large quantity of 
dust, the effect of which, however, was obscured by 
other factors which are discussed later. 

Traffic was started on the pavements in late August 
as soon as measuring devices had been installed. Dis- 


second series of stability experrments 
















































Group pa SG Eoreontese of Percentage of filler Type of sand Coarse aggregate Type of asphalt epee 
eer en are eee er ee eee WtOLb se eee eee Vanablese-sosseoe Constantesceeeeeee Hinesssc ee see INGNG sees Steam-refined ____- Constant 
Be aes ee een ee Seg ee ere ee G to dO: ese len ae GOs eee ee dose ers Coarseles a eee as Eee Goss e aot fs eee 62332 Do. 
CS iets eee Ne aoe Learners Ltt OU bees sees eee Coster Es dot see EVs eee | eres dO seers oe Ee dost eee Do. 
iD) Seer ee eee tee ee eee 16 to 19iand Wee se|"Constantesess=so= Variables 22 525 ease (0 UO poy Bey ne op ea [ee do, eae ee | See doe Do. 
Wie 3222 SO ers Oe oe See ees 20 to 23°and 13--5-|2-22— oe ae a ae Constant 2 aaa ees ees (6 lo) eee ee Sere ee Gos Shee es Es eee 022 20 eee Variable. 
lie Seon Bee ha Res ete ae aN ee 24 10) 282 22s2 cee sees eee GOn seen one ree Gots Pee a eee Oe ete a 2s | Me (OUCRepe Ae A 2 Blowneeeeseeees Do. 
GR ROR Dice TEE Ns fae eae VE DONO DB es oe see eee Vatiables=se2 252 |5eas On 2 = eee ater ae tee (GUO 5 <p hee ours Ls Limestone.--...-.- Steam refined -_-_- Constant 

TABLE 4.—Analyses of asphalt cements used in second series of tests 
Type Mexican, steam refined Mexican, blown 

Sechionsiny wihichwsed 2-2. ke ae see ee ee ees 20 ¢ 21 22 23 24 25 26 27 28 
Specific gravity, 25/25° C22" Sos ae Se oe ee ee 1. 052 1, 052 1. 048 1. 035 1. 034 1. 037 1. 030 1, 024 1. 020 1, 022 
Blagh point; SiO Gees se cos Oe Ee ee een ee Se eee ee 324 299 296 299 296 258 227 235 245 243 
Penetration, Os: Cry c00! ey eh 0 1 ee eee a nee 11 | lf) 16 19 21 17 22 27 28 34 
Penetration,.20% Or, 200/70 'SeCka oes ote ee oes ee ee 31 42 55 63 72 44 | 50 59 67 81 
Penetration, 46.1° CLM b0IS Sb S6Gbe iS. e Se ee ee ee eee 119 175 234 (2) (*) 137 126 195 250 | (2) 
Softening point, 2\O [isos eae ee cee a ee eee ee 61.9 55.9 53. 4 61.4 } 49.0 60. 6 64. 4 55.3 53. 2 60. 3 
Ductility, 265) © pCi Se cae sae eee ee a ee eee 77 95 87 100-++ 100++ 27 135 55 65 53 
Volatilization, percentage change in weight, 50 g, 5 hr., 168° C____- +0.002 | —0.004 | —0.021 | +0.004 |] —0.016 | —0.062} —0.052} -—0.110; —0.109 | —0.146 
Penetration of residue from volatilization, 25° C., 100 g, 5 sec___-__- 27 39 50 56 62 41 46 55 61 73 
Total bitumen, soluble in CS: percent__-._-.__.---..-..-------.--- 99. 77 99. 65 99. 62 99. 56 99. 59 99. 72 99. 63 99. 31 99. 53 99. 50 
Organic material, insoluble, percentes-se= eens ae ose a see en er eee eee 0.15 0. 20 0, 24 0, 26 0. 20 0. 20 0. 25 0.31 0. 31 0. 28 
Inorganic material (insoluble, percentessa-sss es sesee ease eee eee 0. 08 0, 15 0.14 0.18 0, 21 0. 08 0,12 0. 38 0. 16 0. 22 
Bitumen insoluble in 86° B. naphtha, percent......--..-........_.- 33. 07 82, 21 30. 03 25. 10 24, 69 35. 09 36, 24 28.13 30. 86 29. 35 
Fixed carbon; percen t= s-css tee seee neat cee eee eee 17.18 17. 76 15. 40 13. 65 14, 09 15. 35 15. 00 13. 30 13. 42 12. 60 








11 to 19, 29 to 33, inclusive. 
2 Too soft for test. 
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placement began immediately in a number of the sec- 
tions, but as the temperature declined during the 
autumn months the effect of traffic became increasingly 
less. The test was discontinued during the winter and 
recommenced in May and completed in October. 
Before traffic was resumed in May, a core 4 inches in 
diameter was punched from a location in each section 
which had received full compression in construction 
but which had not been traveled over by the truck. 
The densities of these plugs were regarded as repre- 
sentative of the degree of compression of the respective 
sections and are referred to later in this report. 

After completion of the traffic tests, 10 slabs or 
more approximately 24 inches square were cut from 
each section for use in laboratory studies. These 
specimens were taken within the area of traffic as 
well as near the curbs and between the wheel tracks. 
At the same time the internal displacement rods were 
excavated, their positions recorded, and movements 
computed. 

The final longitudinal displacements of the several 
sections are shown in the last column of table 5. The 
displacement of each section was taken to be the total 
movement of 25 screws in a radial line derived by tak- 
ing half of the total movement of 50 screws in two 
lines. Figures 3 to 6 show the condition of the several 
sections at the end of the test. These pictures were 
taken from an elevated platform after the section and 
guide lines had been repainted. Displacements oc- 
curred in the direction of traffic, and they developed 
to a greater degree under the outer truck wheels. In- 
stability was evidenced more by rutting with lateral 
displacement than by the formation of transverse 
waves. Some movement occurred in every section, 
but in many it was very slight. All failures can be 
readily explained by faults in the proportioning or 
quality of asphalt. 

The degree of displacement appeared to be fairly 
uniform through the depth of the surface course. The 








sections of brass rod closely maintained their original 
relative positions with the exc eption of those in the 
highly plastic mixtures. In a few instances there were 
somewhat greater movements in the upper inch, but 
the actual distance moved was but spans ereater 
than that immediately at the foundation. Sometimes 
the movement at lower levels appeared a little greater 
than at the top, but this difference also was negligible. 
Typical diagrams of the migration of the reference. rods 
are shown in figure 7. There was no bond between 
the surface course and the smooth foundation. It 
appears that the use of the customary stable binder 
course, which provides a positive bond with the sur- 
face course, might have improved the behavior of some 
of these mixtures. It is doubtful if the highly plastic 
mixtures would have been benefited. 

The primary object of the experiment was to supply 
specimens of known relative degrees of stability for 
the subsequent development and correlation of labora- 
tory stability tests, but the results provide an oppor- 
tunity to study the practical effects of some variations 
in materials and compositions. 


SHEET ASPHALT SECTIONS DISCUSSED 


Three sand combinations of widely different grada- 
tions were used as shown in table 38. Five mixtures 
were laid with each sand combination, varying only 
the bitumen content. It was the intention to com- 
mence with a very lean mixture, and gradually increase 
the bitumen content until a condition of excessive 
richness was reached. Mixtures 1 to 5 with fine sand, 
6 to 10 with coarse sand, and 11 to 15 with medium 
sand constituted these groups. The fine-sand and 
coarse-sand groups are especially uniform in aggregate 
composition and illustrate well the influence of changes 
in bitumen content. In each group resistance to dis- 
placement increased with decrease in bitumen content. 

No material decrease in the stability of mixtures 1 to 
10 was evident until the bitumen was increased to the 


TABLE 5.—Composition, density, voids, laying temperature and displacement under traffic of sheet asphalt sections 













































































Passing and retained on next smaller size “ ee Displacement 
Specific | pheoret- 
Re- ; = ———| Specific | gravity | ical max-| Pave- | Lavine = 
Section or Bitu- | tained eravity | of core | °¢% ™e temper- | 
. f . imum ment f Greatest | Total 
mixture men | on no. of aggre-| from specific | voids | 2X4T® | screw | move- 
10 No. 10; No. 20} No. 30 | No. 40] No. 50} No. 80} No. 10] No. 200} gates pave- Su ie 5 CB) 2 | iat OF 
er gravity move- | ment of 
ment |25screws! 
Percent| Percent | Percent) Percent| Percent| Percent| Percent| Percent, Percent| Percent 
by by by by by by by by y by 

weight | weight | weight | weight | weight | weight | weight | weight | weight | weight | Percent Inches | Inches 
1 Us SS ere RE 10. 2 0. 2 1.8 4,3 3.8 9.3 16.3 16.0 25.6 1255 2. 675 2. 055 2, 312 AO) 400 0.1 | 1.4 
De ONES tes 10.9 82 oil 4,3 4,2 9.2 15.7 18.9 22.0 12) 5 2, 674 2. 048 2, 290 10,7 275 .6 | 4.0 
Oe gaecea= Sone 12.0 .3 2.0 3.8 3.5 8.3 14.9 19.8 eae 12o0 2. 660 2. O86 2, 249 Maz 450 «5 | Zoil 
ber ees 12.6 ait out 5.6 4.9 9.9 14.8 16.3 19.1 12,4 2. 681 2.104 2, 243 6.2 | 320 Ozu 199.8 
[a ee eo 13.9 St) 2.9 5.0 3.8 8.4 14.4 14.2 Zane) 2. 666 2 107 2.199 4.0 335 86. 0 311. 2 
Gia eee Ser asco io) 6.3 TOS 12.5 7.6 10.8 10.9 Cao 1.6 | 12.5 2. 688 2, 150 2. 395 10, 2 350, ao 1.6 
Tne ete eee OS 8.7 5.5 13. 4 WAV) 7.8 11.8 i 7.8 8.6 11.3 2. 674 2. 100 2, 859 11.0 375 It | 8.3 
Se See eee 9.0 6.5 16. 6 11.6 7.0 10. 4 11,2 8.0 ed) 11.8 2. 674 PAYA 2, 349 7.4 325 6.3 23. 4 
as Bee eet oe ie 4.5 14.7 AE 8.2 iB 10.8 78 eae 19 \) . Chere! 2, 202 2. 283 3.5 300 70. 0 379. 0 
a eee eee 12,2 3.7 12.8) 12.9 8.0 11,4 12.3 6.4 8.0 IPAS 2. 666 2.198 2, 246 ° Peal 300 115.9 448.9 
WY ia =f i ee rarer 8.2 2 CAG) 6.0 5.9 ify, It 1905 12.8 18.3 12.7 2. 674 2, 018 2. 374 15.1 280 ae 6.7 
1 ee 2 ae 10.0 a2 4.1 7.4 6.2 13.0 18.7 10, 4 16. 4 13216 2. 674 2.102 2, 317 9.3 325 6.7 56. 1 
i Pa a eee 10. 4 ai) 2.6 5.8 5.4 12.2 19.0 11.0 16.8 16.5 2. 666 251150 2, 299 6.5 355 4.3 32.8 
Ld oe eet S 11.5 .2 2.6 Bad a0 lieRy 17.9 i % 18.2 11.5 2. 676 2. 075 2. 273 8.7 325 13. 2 | 137. 6 
15 eee 12.3 3 3.0 6.4 5.8 13.4 19,6 10. 6 16.3 12.3 2. 666 2. 187 2, 243 2.4 340 Ohad 267, 4 
16 ote oe Oo 4 4.3 Bvt a) 14.8 19.8 10.7 14,7 9.9 2. 656 1. 999 2. 314 13.6 875 6 onl 
Uf See sens 9.8 a 3.8 7.9 Ory L455 19, 2 Was} 16.1 10. 2 2. 674 1, 990 2.323 14.4 825 1.5 15.6 
18.22 eoo fsa sce = 10.1 .2 2, 2 5.2 5.1 12.8 18. 4 12.9 18.1 15.0 2. 688 2.170 2, 323 6.5 350 4.5 | 46.9 
ee ee 10.9 rel 2.3 4.5 4.4 10.9 16.2 ties 16.7 Doak 2, 696 2. 230 2. 304 3. 1 280 17S) 140. 8 
20 Joe eae n= ie On9 3 2.3 4.6 4.8 12.7; 18.4 14.0 17.0 16,0 2. 666 2, 010 2.315! 13,2 325 6 2.8 
21. eee es 10.0 it! 22 6.2 5.1 12:3 1or3 11.8 18. 2 15.8 2. 666 2,091 2, 307 9.4 340 .5 6.1 
OOS ae eee Shits .2 4.1 8.1 6.8 13.7 18.8 10.8 15.0 12,8 2. 666 2. 091 2.318 8.6 320 18.7 109. 0 
ys Rey ey ee ee ee 10. 4 2 3.6 6.7 6.3 13.7 18,1 13.0 15.9 12.1 2. 668 2.073 2, 291 92:5 355 91 71.1 
DAS ee oe 10. 0 rail sy 5.6 5.5 12.9 18.3 13.3 15.4 15.8 2, 682 2. 070 2, 315 10. 6 340 2.7 28.1 
2) 5 eee 959 pt 3.6 | 6,7 6.0 13.9 18. 0 ay 16.3 11.8 2. 669 | 2. 009 2. 306 12.8 310 | 4.9 248.4 
26; eee 10.0 a2 2.8 6.3 6.1 13.9 18.3 12.8 17.3 12.9 2. 664 1, 988 2. 296 15.6 350 Tiel 82.9 
7 oe ge Pe a 10. 5 .2 2.8 (Ch Y/ 6.4 13.6 19,1 10.6 16.5 13.6 2. 666 1, 940 2. 280 14,9 290 36.3 244. 2 
28. owe see bee 9.7 se 31 (eal 6.2 13.8 18.8 10.7 Lovee 16. 2 2. 681 1. 950 2. 316 15.9 | 340 10,5 87.0 

















1 Averaged from movement of 50 screws in two lines. 


4 Approximate as section partly disintegrated under traffic. 


fet Dat Co RODS 
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FIGURE 7.—DISPLACEMENT OF MixturRES at Various DeErtrus 
BELOW SURFACE OF PAVEMENT. 


percentages used in mixtures 4 and 9. These two 
mixtures were so unstable as to indicate a critical per- 
centage somewhere between 12.0 percent and 12.6 per- 
cent with the fine sand, and between 9.0 percent and 
11.1 percent with the coarse sand. The medium-sand 
mixtures, numbers 11 to 15, exhibit the same tenden- 
cles, but for some reason the aggregate of mixture 13 
proved to contain more than the intended percentage 
of fine material passing the no. 200 sieve and its be- 
havior is somewhat out of lne. It is more than 
probable that the high percentage of material in this 
mixture passing the no. 200 sieve results from a rela- 
tively high silt content of the sand stock, as those mix- 
tures prepared immediately preceding it (numbers 21 
and 24) exhibit similar compositions. The slightly 
ereater stability of mixture no. 13 as compared with 
no. 12 must therefore be attributed to more favorable 
characteristics of its aggregate. Results obtained in 
these three groupsindicate that, if properly proportioned, 
satisfactory sheet asphalt mixtures can be prepared 
with either fine, medium or coarse graded sand. 
Mixtures 16 to 19 and including mixture 13 were 
intended to develop the effects of variations in the 
amount of filler, the percentage of bitumen being held 
constant. Analyses of the mixtures do not check with 
the plant formulas for the respective mixtures, not 
only in bitumen content but in the percentage of 
aggregate passing the no. 200 sieve. ‘This is particu- 
larly noticeable in the case of mixture 16 to which no 
dust was added. The material passing the no. 200 
sieve in this mixture represents silt in the sand supply. 
Mixture 13 also contained 3 percent to 4 percent more 
material passing the no. 200 sieve than should have 
29183—34——2 








been derived from the amount of limestone dust which 
was added and from the normal sand supply. Although 
these mixtures proved progressively less stable as the 
filler was increased, the variations in bitumen content 
and in the nature of the filler material make it impos- 
sible to attribute the difference in service behavior to 
increased filler alone. 

Mlustrating this point, comparison of mixtures num- 
bers 18 and 21 show them to be almost identical in 
bitumen content and in aggregate gradation, although 
it is known that considerably more of the filler material 
of mixture 21 is silt than is the case in mixture 18. 
Although containing bitumen of somewhat softer con- 
sistency, mixture 21 seems to have been the less com- 
pressible and was certainly the more stable of the two 
mixtures. In this series 1 is true that increased per- 
centages of the limestone dust filler accompanied by 
increased bitumen resulted in decreased resistance to 
traffic displacement. However, it is apparent that the 
nature and characteristics of the filler material have 
an effect on the behavior of the mixture. It will be 
shown later that, voids in the mixture and in the ag- 
gregates are significant functions which are dependent 
upon interrelationships between the sand, filler, and 
bitumen. Therefore a general conclusion to the effect 
that increased filler is hkely to cause instability is not 
justified, for the most desirable percentage can be 
determined only by studies of the several constituent 
materials in various combinations. 

Asphalts similar in all characteristics except degree 
of hardness were used in mixtures 13 and 20 to 23. 
Here again the effects of the controlled variable are 
obscured by lack of uniformity in other characteristics. 
The aggregate composition of mixtures 20, 13, and 21 
are closely similar. These mixtures contain asphalts 
of 31, 42, and 55 penetration respectively and the mix- 
tures may be properly compared with regard to this 
variable. Between sections 20 and 21, containing as- 
phalt varying in penetration by 24 points, no marked 
difference in performance was evident. Both sections 
behaved excellently. Mixture 13 displaced slightly 
although its bitumen was harder than that in section 
21. Its slightly greater richness as well as the presence 
of an extremely plastic mixture adjacent to it probably 
explains the small difference in behavior. Mixtures 22 
and 23 displaced somewhat more than those just dis- 
cussed. Comparing mixture 22 with mixture 20 it is 
found that they differ only in percentages of particles 
passing the no. 200 sieve and in penetration of asphalt. 
The same is true of mixtures 23 and 13. 

In spite of the slight variations in the bitumen and 
filler contents of the mixtures in this series and the lack 
of a consistent relationship between consistency of as- 
phalt and displacement of the mixture, the much 
greater displacements in sections 22 and 23 are un- 
doubtedly due to the higher penetrations of the as- 
phalts used in these sections. As compared with the 
material used in section 21, the asphalts in sections 22 
and 23 had penetrations at 25° C. (77° F.) higher by 
only 8 and 17 points, respectively. However, at 
46.1° C. (115° F.) the asphalt in section 21 had a pen- 
etration of 234 while the asphalts in sections 22 and 23 
were too soft to test under standard conditions at this 
temperature. None of these sections displaced under 
trafic until the air temperatures became quite high 
and the pavement temperatures much higher. The 
greater movements in sections 22 and 23, therefore, 
may be attributed directly to the softening of the 
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asphalt to a greater extent under the summer heat, 
resulting in mixtures less resistant to the action of 
traffic, than was the case with asphalts which were 
but shghtly harder as measured by the penetration at 
ie OT Take oe 

DISINTEGRATION OBSERVED ON BLOWN ASPH ALT SECTIONS 


The sections containing the blown asphalts (mixtures 
24 to 28) behaved, as far as displacement is concerned, 
very much as did those sections containing steam 
refined asphalts. The influence of the lower percentage 
of bitumen and possibly that of the higher content of 
material passing the no. 200 sieve in promoting stabil- 
ity are apparent. The softer asphalts may be a little 
less effective in resisting displacement, although the 
virtually identical behavior of sections no. 26 and 
no. 28 with asphalts of 59 and 81 penetration respec- 
tively, indicate that the hardness of the binder is 
certainly not the most potent factor affecting stability. 

The mixtures containing blown asphalt showed an 
unexpected tendency to disintegrate under traffic and 
this tendency was confined solely to these mixtures. 
Disintegration was most marked in section 25, where 
the binder became brown and lifeless; the mixture 
crumbled, and wore down to the foundation as the 
test progressed. It is perhaps significant that the 
asphalt of this mixture had the lowest ductility, 13.5 
em, of any of the group. Section 24 showed slight 
indication of deterioration in a single small crack, but 
the other three of the group were beginning to show 
distress when the test was terminated. 

The mixtures of this group were apparently not 
compacted to the degree to which they were susceptible. 
Although this may have rendered them liable to some 
displacement, the fact remains that perfectly stable 
sections in other groups were constructed with equally 
high voids. The outstanding indication is that only 
the blown asphalt mixtures showed deterioration 
through loss of binding power of the asphalt. 

It is obvious that each of these groups of sheet 
asphalt mixtures had a certain resistance to displace- 
ment, which apparently depended to a great extent 
upon the amount of bitumen present. The limit of 
resistance was reached sooner on some sections than 
on others. The same medium sand combined with 
similar percentages of filler has long been used in the 
construction of Washington streets, and has success- 
fully carried from 10.5 percent to 11.5 percent by 
weight of bitumen, which indicates the unusually severe 
conditions of these tests. 


AGGREGATE VOIDS DETERMINED BY VARIOUS METHODS 


The voids in the compacted mineral aggregate are 
considered by many to exert a controlling effect on 
mixture design. A considerable investigation was 
conducted, therefore, on the aggregate voids of these 
mixtures and the degree to which they were filled with 
bitumen. Determinations of aggregate voids were 
made in four different ways, as follows: 

(1) By computation based on test results from cores 
taken from the various sections and representing the 
compression received by each mixture in construction. 

(2) By direct determination using the cone method * 
on samples of aggregates extracted from the mixtures. 





_ § A small metal cone of approximately 180 ce capacity was filled with the aggregate 
in four equal increments. After each addition of aggregate, the cone was beaten for 
5 minutes on a brass plate mounted on a rigid base. After the last increment was 
added, beating was continued until no decrease in volume could be obtained. Per- 
centage of voids is computed from weight of the known volume of aggregate contained 
in the cone and the specific gravity of the aggregate. 








(3) By direct determination, using small cylinders 
in the vibrator developed by the Bureau of Public 
Roads * for this work, on samples of aggregates ex- 
tracted from the mixtures. 

(4) By computations using laboratory determina- 
tions on compressed specimens prepared by the method 
of tamping and compression prescribed for the Hub- 
bard-Field stability test.® 

Figure 8 and table 6 show the percentages of voids 
in the aggregates of the various mixtures as determined 
by these four methods. It will be noted that compac- 
tion by the Hubbard-Field method nearly always 
results in the lowest voids in the aggregate. There are 
a few exceptions to this where sufficient bitumen was 
present to prevent ultimate compaction of the aggre- 
gate particles. The use of the vibrator resulted in 
percentages of aggregate voids which were generally 
higher than those obtained by the Hubbard-Field 
method, and, in general, lower than those found by the 
cone method or in the pavement as actually compressed. 
The compaction obtained by the vibrator method was 
sufficient to wedge the aggregate particles tightly in the 
container and they had to be loosened by a pointed 
metal rod in removing. 
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Figurk 8.—Voips IN AGGREGATES OF SHEET-ASPHALT Mrx- 
TURES AS DETERMINED BY Four METHODs. 


‘ Researches on Bituminous Paving Mixtures, Public Roads, vol. 7, no. 10, Decem- 
ber 1926, p. 205. 

° The material for molding the Hubbard-Filed specimens is first heated indirectly 
by means of an oil bath in order to prevent overheating, to the molding temperature 
of 250° F. The amount necessary to form a compacted specimen one inch high is 
then placed in the warmed cylinder and given 60 blows with the blade tamper and 
15 blows with the blunt tamper. The cylinder containing the tamped material is 
then placed in a suitable container, the plunger inserted and placed under the head 
of the Hubbard-Field machine and pressure of 3,000 pounds per square inch is applied. 
Water is then poured in the container and around the cylinder in order to cool the 
specimen, maintaining the pressure while cooling. After remaining under pressure 
in water for 5 minutes the sample is removed from the mold, specific gravity deter- 
mined by displacement method and percentage of aggregate voids computed. 

The following formula is used: dim 

f 


Percentage of voids in aggregate of compacted mixture =100——- 

where Af=density of compacted specimen, 
S=percentage by weight of aggregate in mixture, 
A=specifie gravity of aggregate. 
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TABLE 6.— Voids in aggregates of sheet-asphalt mixtures and degree 
to which voids were filled with bitumen 





Percentage of aggregate voids filled 
with bitumen, assuming mix- 
tures compacted to densities cor- 
responding to voids of columns 

| lto4 


Percentage of voids in aggregates 
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The cone method of determination gave aggregate 
voids which were generally higher than actually existed 
in the pavement. 
and some of those laid with the blown asphalts were 
exceptions. This reversal of the general tendency 
may indicate the relative incompressibility of these 
mixtures, although, in the case of the coarse-sand mix- 
tures at least, it is more likely that they did not receive 
sufficient rolling. 


TESTS SHOW A RELATION BETWEEN AGGREGATE VOIDS, PERCENT- 
AGE OF BITUMEN AND STABILITY 


The percentages of voids as determined by the 


various methods show the influence of gradation. The 
coarse group is characteristically low in voids. The 


variable filler series illustrates how aggregate density 
may be increased by the addition of dust. None of 
the laboratory methods uniformly reproduces the con- 
dition attained in the field. 

Figure 9 shows the percentages to which the agere- 
gate voids would be filled with bitumen were the 


several mixtures compressed to the degree correspond-_ 


ing to the aggregate voids determined by the various 
methods and shown in Figure 8. The data from which 
this chart is derived are given in Table 6. It appears 
that the fine-sand mixtures, as compacted in the test 
sections remain stable with approximately 77 percent 
of the aggregate voids filled with bitumen. The 
coarse-sand group seemed able to carry bitumen up to 
about 75 percent of the aggregate voids. Due prob- 
ably to variations in sand supply, the behavior of the 
medium-sand mixtures was somewhat more erratic, due 
probably to variations in sand supply. Possibly a per- 
centage of bitumen equivalent to 70 percent of the 
aggregate voids is about the maximum for stable mix- 
tures and this maximum is dependent on the presence 


of approximately 12 or 13 percent of material passing 


the No. 200 sieve. There are indications that higher 
dust contents, such as in mixtures 13 and 18, which 


Some of the coarse-sand mixtures | 
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FrIGuRE 9.—PERCENTAGE OF VOIDS IN AGGREGATE FILLED WITH 
BITUMEN WHEN MIXTURES ARE COMPRESSED TO DENSITIES 
CORRESPONDING TO AGGREGATE VOIDS SHOWN IN FIGurReE 8. 
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decrease the size as well as the volume of aggregate 
voids, will permit a somewhat greater percentage of 
voids to be filled with bitumen. 

If other methods of void determination are used the 
results may be different and, the ratio of voids to 
volume of bitumen will be changed. If voids in the 
aggregate are taken to be those determined by the 
cone method, the degree to which the voids may be 
safely filled will be lower than that eiven in the pre- 
ceding paragraph. Conversely, a greater percentage 
may be used on the basis of the lower voids determined 
by the vibrator method or the Hubbard-Field com- 
pression mixture method. Probably the greatest 
possible density of mixture is attained by the latter 
method and it is interesting to note that only the ex- 
tremely low-void ag oregates of the coarse-sand series 
carried, with satisfactory results, an amount of fetunion 
oreater than 90 percent of the aggregate voids as com- 
puted by the Hubbard-Field method. 

STABILITY OF TEST SECTIONS COMPARED WITH RESULTS OF 

LABORATORY STABILITY TESTS 

Table 7 and figure 10 show comparisons of the ob- 
served field stabilities, the stabilities as determined by 
the Hubbard-Field method upon recompressed speci- 
mens, and approximations of Hubbard-Field stabilities 
of the mixtures at the densities of the sections as 
constructed. These approximations were made as in- 
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GROUP TaBLE 7.—Comparison of stability and voids in sheet asphalt 
A 8 2 E i mixtures 
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Figure 10.—CoMPARISON OF STABILITY AND VOIDS OF SHEET 
ASPHALT MIXTURES. 





dicated in figure 11 by interpolating for the determined 
void content of pavement cores between results ob- 
tained in the Hubbard-Field test upon recompressed 
laboratory specimens and specimens taken from the 
upper 1 inch of removed pavement slabs. There is 
excellent agreement between displacement of test sec- 
tions and the results of stability tests in the laboratory 
for the fine-sand and coarse-sand mixtures. The results 
indicate that a Hubbard-Field stability of over 3,000 
pounds for laboratory compressed specimens is neces- 
sary to withstand the type of trafic to which these 
mixtures were subjected. At the densities to which 
the mixtures were compressed in the pavement a sta- 
bility of about 2,000 is required. 

The medium-sand mixtures gave decidedly less 
consistent agreement in results. All mixtures with a 
stability of 4 500 or more for laboratory compressed 
specimens gave reasonably good service. It will be 
noted that decidedly inferior mixtures such as numbers 
14 and 15 have stabilities in laboratory tests approx- 
imately equal to that of the satisfactory mixture 
number 8. The soft-blown- asphalt mixtures, num- 
bers 26, 27, and 28, also gave fairly high stability 
in laboratory tests. These mixtures were poorly 





compacted in the field test and their estimated stability 
based on field voids is more in line with their field 
performance. 

The voids in the mixtures (table 7 and fig. 10) both 
as laid and after laboratory recompression, are of in- 
terest in connection with the stabilities. In each 
group of mixtures, the highest voids of recompressed 
specimens are in mixtures having the greatest stabilities 
both in the Hubbard-Field test and under traffic. 

Those mixtures which because of high bitumen con- 
tent readily compacted to produce pavements having 
the lowest voids proved the least stable under traffic 
even though, as in the case of mixtures 14, 15, and 27, 
the Hubbard-Field stability test indicated good strengh. 
In general, it may be said that those mixtures, which, 
because of the high bitumen content were compressible 
by the indicated “method to 2 percent or less of voids, 
were virtually certain to displace under the traffic used 
in these tests. 

Mixture 8 may appear to be an exception to this 
statement, but it will be remembered that the aggre- 
gate of this eroup had low voids and the lower voids 
of the compressed mixtures do not represent greater 
density obtained by dangerously increased bitumen 
content. 

The blown-asphalt group presents another phase of 
the density and stability relationship. As a result of 
inadequate rolling the voids in the pavement were 
high. Instead of behaving as did high-void mixtures 
in other groups, mixtures 26 and 28 were relatively 
unstable, reflecting to some extent perhaps the softer 
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VOIDS IN SPECIMEN - PERCENT 
Figure 11.—Curves Snowing RELATION BETWEEN VoIDS IN SPECIMEN AND HUBBARD-FIELD STABILITY AS DETERMINED ON 


RECOMPRESSED SPECIMENS AND ON SPECIMENS TAKEN FROM Top INCH OF PAVEMENT. 
CORRESPONDS TO THE PERCENTAGE OF VOIDS IN THE PAVEMENT AS CONSTRUCTED. 
REPRESENT PoInts PERTAINING TO DIFFERENT MIXTURES. 


bitumen which they contained, but more probably due 
to their susceptibility to compression to approximately 
the danger line of voids for their respective aggregates. 
Mixture 27 had a harder bitumen than mixture 28 and 
high voids as laid in the pavement. This mixture 
proved very unstable in laboratory tests after being 
compressed to 2.0 percent voids. 

In this discussion of asphalt mixtures only stability 
or resistance to displacement has been considered. In 
reviewing this work and the results, it should be 
remembered that unusually severe conditions of traffic 
were imposed. The smooth base offered no keying 





Tur Large Dor on Eacu Curve 
DIFFERENT SYMBOLS ARE USED TO 


action and the test was conducted during the hottest 
periods of the year when faults in proportioning are 
most likely to be developed. 


ASPHALTIC CONCRETE MIXTURES DISCUSSED 


In the earlier stability experiments with asphaltic 
concrete, those mixtures which contained approximately 
equal parts of coarse aggregate (retained on the no. 10 
sieve) and fine aggregate (passing the no. 10 sieve) were 
very resistant to traffic displacement. Five asphaltic 
concrete sections of the second series of tests were 
patterned after these highly successful mixtures. All 
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were planned to be of the same aggregate composition 
with the bitumen content as the only intended variable. 

A clean hard limestone was used as the coarse aggre- 
gate. The sand and filler were the same as used in all 
of the sheet- asphalt sections except mixtures 1 to 10 
inclusive. The asphalt cement, the analysis of which 
is given in table 4, had a penetration of 42. At the 
plant mixture 29 appeared to be extremely lean. 
Mixture 32 was so rich that it flowed freely and formed 
a uniform layer over the bottom of the truck, giving 
rise to the suspicion that it would prove unstable under 
traffic. Instead of using a still higher percentage of 
bitumen in mixture 33 as scheduled, a bitumen content 
between that of mixtures 31 and 32 was adopted. 

Table 8 shows the plant formulas with which the 
asphaltic concretes were prepared, the analyses of large 
samples taken at the paying plant, their stabilities in 
the pavement as determined by the displacement of 
the reference screws, and laboratory determinations 
of stability with the roller stability machine. No 
asphaltic-concrete section was displaced to an extreme 
degree. The maximum movement of a single reference 
screw in section 33, the least stable of the group, was 
3.6 inches. - 

Table 9 shows the theoretical and actual specific 
gravities of the several mixtures, the calculated voids in 
the pavements and in the aggregates, and the extent to 
which the voids in the aggregates were filled with bitu- 
men. It was recognized that small plugs as punched 
from the sheet asphalt sections would not be suitable 
for determining the density of the coarse-graded mix- 





6 Researches on Bituminous Paving Mixtures, Public Roads, vol. 7, no. 10, De- 
ember 1926. 


tures as laid in the pavement. Therefore, after the 
entire test was completed, a number of slabs, approxi- 
mately 24 inches square, were chopped from each 
section. In general, eight slabs were taken from each 
section from areas over which the traffic had not passed, 
and the average of their specific gravities is regarded as 
the original. density of the pavement section. Two 
slabs were taken from the wheel-track area and their 
average densities gives an indication of the increased 
compression generally resulting from the 64,000 pas- 
sages of the truck. 

The photographs of the asphaltic-concrete sections at 
the completion of the test, and the data in table 8 show 
that no mixture was displaced to an extreme degree, 
despite a variation in bitumen content of more than 50 
percent between some of the mixtures. It is true that 
mixtures 32 and 33 were relatively unstable, reflecting 
the effect of the high ratio of volume of bitumen to 
volume of voids in the aggregate. Traffic on these sec- 
tions during high summer temperatures produced a 
virtual absence of voids in the area under traffic. That 
a greater degree of instability did not develop, com- 
parable with the complete failure of the richest sheet 
asphalt mixtures with voids practically filled with 
bitumen, must be due chiefly to the inherent rigidity 
of the interlocked particles of coarse aggregate. 
RESULTS OF ROLLER TESTS IN AGREEMENT WITH PERFORMANCE 

OF MIXTURES IN FIELD TESTS 

Specimens were cut from the large field samples and 
tested in the laboratory on the roller stability machine.’ 
This machine was designed to reproduce the action of 


7 Researches on Bituminous Paving Mixtures, Public Roads, vol. 7, no. 10, 
December 1926. 


TaBLE 8.—Composition, analyses, displacement and roller stability values of asphaltic-concrete mixtures of second series of stability tests 
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1! Averaged from movement of 50 screws in 2 lines. 


TaBLE 9.—Density and voids of asphaltic-concrete mixtures in traveled and untraveled areas 
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traffic over a pavement surface. It consists essentially 
of a series of 11 steel cylinders or rollers, 4 inches in 
diameter and 3 inches long, mounted between and near 
the peripheries of two confining steel disks, which in 
turn are rotated by a motor. Beneath the rollers is a 
tank of water maintained at a temperature of 60° C. 
by an electric heater, and in which the specimen to be 
tested is placed. This bath 1s supported on 4 cams 
which rotate, raising and lowering the bath to com- 
pensate for the vertical component of the arc described 
by the roller in passing over the specimen, thereby 
eliminating impact. 

The specimen is supported in a testing mold having 
one end and the top surface open. Rotation of the 
rollers is induced as they pass over the top surface of the 
specimen, tending to deform it longitudinally through 
the open end of the mold. The deformation is meas- 
ured with an Ames dial. A trip indicator records the 
number of rolls passing over the specimen. ‘The total 
weight of the bank of rollers is 450 pounds, giving a 
load of 150 pounds per inch width of roller as they pass 
over the specimen. 

To prevent upward deformation at the sides of the 
specimen, a small section of angle-iron is clamped over 
its edges, extending 4 inch over the top at either side, 
leaving a 3-inch open surface over which the rollers 
pass. The specimen to be tested is brought to a tem- 
perature of 60° C. and is placed in the bath. The 
revolving rollers are lowered in contact with its surface. 
Rolling is continued until 0.3 inches longitudinal def- 
ormation has taken place. The number of rollers pass- 
ing over the specimen in producing this deformation 
is read from the trip indicator and recorded as the 
roller stability value of the specimen. Results of this 
test were in general agreement with the service behavior 
of the asphaltic-concrete mixtures, those composing 
sections 32 and 33 deforming far more readily than did 
those which had more successfully resisted the truck 
traffic. 


OBSERVATIONS ON SHEET ASPHALT MIXTURES 


1. Equally stable sheet asphalt surface mixtures 
were laid with all three of the sands used. The fine 
and coarse sands were considerably outside the grada- 
tion limits of the usual specifications. 

2. The effects of the individual characteristics of the 
constituent materials are so interrelated that in design- 
ing a sheet asphalt mixture it is necessary to consider 
the properties of various combinations of the materials. 

3. The voids in the aggregate are of decided signifi- 
cance with respect to the amount of asphalt which the 
ae can carry satisfactorily. 

4. Aggregate voids may be determined by a number 
of methods but all of the several methods used in this 
investigation gave different results. The most satis- 
factory method was that of determination on com- 
pressed mixture specimens, prepared as for the Hubbard 
Field stability test. In general, this method gave 
lower voids than any other method. 

5. No mixture having the voids completely filled 
with bitumen remained stable under the traffic imposed 
in these tests. In general, the maximum percentage of 
bitumen carried by stable mixtures amounted to be- 
tween 85 percent and 90 percent of the aggregate voids 
as determined for Hubbard-Field stability specimens. 

6. There are indications that mixtures containing 
aggregates with low percentages of voids may carry 











amounts of bitumen representing somewhat higher 
percentages of the aggregate voids. No mixture 
studied gave satisfactory results where the aggregate 
voids were filled in excess of 93 percent. 

7. Stable mixtures resulted from the use of asphalts 
of 35 to 55 penetration. Softer steam-refined asphalts 
of 63 and 72 penetration gave somewhat more plastic 
mixtures, although but one section was laid with each 
of these consistencies. 

8. The few sections in which blown asphalt was used 
were unsatisfactory due to the deterioration of the 
asphalt resulting im either actual or incipient disin- 
tegration of the pavement mixtures. 

‘9, During construction the mixtures probably were 
not compressed to the maximum possible degree, 
although in general those which showed the highest 
voids in the pavement were also the least compressible 
in the laboratory. From the standpoint of stability, 
low voids in the compressed mixture appear to be 
undesirable if void reduction is accomplished by the 
addition of bitumen beyond the limits defined in 5 and 
6. In each group of mixtures, except possibly the 
bfown asphalt series, those with the higher percentages 
of voids were the more stable. This is further evidence 
of the importance of voids being filled with asphalt to 
the proper degree. 

10. Since field compression is relatively nonuniform, 
the relative compressibility of mixtures can best be 
determined in the laboratory by standard test methods. 

11. In general, service behavior of the mixtures was 
approximately proportional to stability values deter- 
mined in the laboratory by the Hubbar d-Field method. 
There were a few instances in which laboratory tests 
on mixtures found to be plastic in field tests indicated 
stabilities about as high as for mixtures found to be 
stable under traffic. In these cases, however, the 
voids in specimens compressed in the laboratory. were 
oars erously low. : 

. Air temperature prevailing during the daily 
tee periods exerted a strong influence upon the be- 
havior of the mixtures. With average air tempera- 
tures lower than 70° F. all sections were stable. At 
increased temperatures instability first became evident 
in those sections which were expected to prove least 


‘ stable. 


OBSERVATIONS ON ASPHALTIC-CONCRETE MIXTURES 


14. Asphaltic concrete mixtures of dense graded 
ageregates appear well able to resist the heavy con- 
centrated traffic imposed in these tests. The mixtures 
of the second series were outstandingly successful. 
They contained approximately equal parts of coarse 
an fine aggregate. 

The limits of range in bitumen content which 
can iN used without danger of extreme displacement 
are much less critical with the dense-graded asphaltic 
concretes than with sheet asphalt. 

16. Although it is recognized that asphaltic concretes 
containing well over 60 percent of coarse aggregate 
have been successfully used in many localities, such 
mixtures behaved poorly in the first series of stability 
tests. An unintentional enrichment in bitumen caused 
by penetration of the seal coat was probably chiefly 
responsible for the failures which occurred, but it is 
believed that the more densely graded mixtures, suc- 
cessfully used in both series of tests, are inherently 


(Continued on p. 218) 


RELATIVE VISCOSITIES OF LIQUID ASPHAL- 
TIC ROAD MATERIALS AT VARIOUS TEST 


TEMPERATURES 


By J. T. PAULS, Senior Highway Engineer, and R. H. LEWIS, Associate Chemist, Division of Tests, Bureau of Public Roads. 


mitted to the Bureau of Public Roads in connec- 

tion with the cooperative work on the simplifica- 
tioa of tests for liquid asphaltic materials, showed that 
there was considerable difference of opinion as to the 
temperatures at which viscosity determinations should 
be made. The following tabulation shows the various 
temperatures designated for the test and the number of 
specifications in which each temperature was designated 


A REVIEW of the 1931 State specifications, sub- 
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The consistency of material for hot application was 
controlled not only by viscosities at the higher tem- 
peratures (194° F., 212° F., and 302° F.), but also by 
the float test at 90° or 122° F. and, in some cases, by 
both a viscosity and a float test. 


WIDE DIFFERENCES OF OPINION EXPRESSED AS TO TEMPERA- 
TURE FOR VISCOSITY TESTS 


At regional meetings of State testing engineers for 
consideration of the various tests, the Saybolt-Furol 
method of viscosity determination was adopted. The 
temperatures recommended by most of these groups 
for viscosity tests were 77° F., 122° F., and 210° F. 
There were, however, some who favored the float test 
at 122° F., as a single measure of consistency instead 
of the Furol viscosity test at 210° F. 

There was a fairly general agreement on the choice 
of 122° F. as a test temperature with the following 
exceptions: 

(a) Two States voted for the use of 104° F. as a test 
temperature instead of 122° F. 

(b) Eight States of the Mississippi Valley region, 
although they did not vote for the Furol viscosity 
determinations at temperatures other than 77° F., 
122° F., and 210° F., expressed the belief that some 
temperature between 122° F. and 210° F. was desirable. 

(c) Seven States voted for the use of 140° F. as a 
control temperature for viscosities in addition to the 
three temperatures generally accepted. 

The 1932 State specifications also show a wide differ- 
ence of opinion as to the proper temperature to be used 
for viscosity determinations. In addition to the tem- 
peratures already listed, there have been specified dur- 
ing 1932 two others—180° F. and 200° F. Itis apparent 
that there is considerable doubt as to the sufficiency of 
122° F. as the single intermediate temperature; and 
there is a question as to whether a high-temperature 
viscosity test for the control of materials for hot appli- 
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cation could not be discarded for some other consist- 
ency test. 

The 1931 specifications gave the following maximum 
viscosity limits as determined with the Saybolt-Furol 
apparatus: 








Tempera- Le 
ture (°F.) seconds 
aa 480 

104 436 

122 1, 200 

140 260 

194 440 

210 180 

212 320 











One of the important advantages of the Furol instru- 
ment over the Engler is the shorter time required to 
make a viscosity determination. This time advantage 
should be retained by the selection of test temperatures 
such as will insure accurate determinations in a reason- 
able time. In the above table the maximum time for 
the test at 122° F. is much greater than for the other 
temperatures. The maximum time of 1,200 seconds, or 
20 minutes, shows the extent to which the time advan- 
tage of the Furol instrument may be lost. 

VISCOSITY TESTS AT 210° F. WILL NOT FURNISH SHARP DIFFERENTI- 


ATION BETWEEN MATERIALS FOR RETREAD AND ROAD-MIX CON- 
STRUCTION 


While there were only 12 specifications in 1931 hay- 
ing maximum viscosity limits of over 500 seconds, 
Furol at 122° F., there is nevertheless a trend toward 
the use of more viscous materials. Materials, consid- 
erably thinner than those for hot application, are used 
extensively in retread and oiled road-mix construction. 
The viscosities of these asphaltic products are very 
high at 122° F. The next higher temperature recom- 
mended at the regional meetings was 210° F. Tests 
were run at this temperature on a selected number of 
road oils and kerosene cut-back asphalts to determine 
the suitability of the temperature for control of such 
materials. Float tests at 122° F. were also made on 
the same samples. 

The Furol viscosity at 122° F. for liquid asphaltic 
road materials of the slow-curing type may be com- 
pared with the Furol viscosity at 210° F. and the float 
test results at 122° F. from the data given in table 1 and 
plotted in figure 1. The materials tested were from 
many different fields and were, no doubt, produced by 
quite different methods of processing. No satisfactory 
curve could be drawn in figure 1 to show the relation- 
ship for the different consistency values, although a 
definite trend is indicated. 

The same relationships for kerosene cut-backs are 
eiven in table 2 and figure 2. Although the sources of 
these cut-backs are all different, a fairly satisfactory 
curve can be drawn to show the relationship between 
viscosities at 122° F. and viscosities at 210° F. and 
between viscosities at 122° F. and float tests at 122° F. 
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These relationships may be expressed approximately as 
follows: 
C=0.03 B+18 
D=0.02 B+10 
Where B=Furol viscosity at 122° F. 
C=Furol viscosity at 210° F. and 
D=Float test at 122° F. 


The narrow range in viscosities at 210° F. and in 
float-test results at 122° F. for materials which had a 
wide range of viscosity at 122° F. indicates that these 
tests (viscosity at 210° F. and float test at 122° F.) will 
not furnish sharp differentiation between various 
consistencies, 


140° F. SUITABLE TEMPERATURE FOR VISCOSITY TESTS FOR MATE- 
RIALS HAVING HIGH VISCOSITY AT 122° F. 


To determine a suitable temperature for viscosity 
tests on materials for retread and road mix construction, 
five selected kerosene cut-backs, having appreciable 
differences in viscosity at 122° F., were tested for 
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viscosity at the following temperatures: 122° F., 140° F. 
158° Wy 176°. F5:194°. hand 2107 Fo Lhe results: of 
these determinations are given in table 3 and are shown 
graphically in figure 3. 


VISCOSITY AT 122°. COMPARED WITH - 
5. VISCOSITY AT 210° F. + . 
VISCOSITY AT 210 F. (OILS OF 1.05+ GRAVITY) O FLOATAT 122 Fo 
FLOAT AT 122°F. (OILS OF 105+ GRAVITY) @ 
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FUROL VISCOSITY AT 122°F.- SECONDS 


Fiaure 1.—Viscosiry or Sitow-Curine Liguip ASPHALTS AT 
122° F. CompARED WITH Viscosiry aT 210° F. anp FLoat- 
Trest RESULTS AT 122° F. 


TaBLE 1.—Furol viscosities of liquid asphaltic road materials of the slow-curing type at 122° F., 140° F., and 210° F., and float tests at 
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2 Not recorded. 


TABLE 2.—Furol viscosities of kerosene cut-backs at 122° F., 140° F., and 210° F., and float test at 122° F. 
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VISCOSITY AT 122°F COMPARED WITH 
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FUROL VISCOSITY AT 122°F-SECONDS (B) 


FicgurE 2.—Viscosiry oF Kerosene Cur-Backs (MeEpIuM- 
Curina Types) aT 122° F. CoMpaARED WITH VISCOSITY AT 
210° F. anp Fioat-Trest REsuLtts aT 122° F. 
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Figure 3.—TEMPERATURE-VISCOSITY CURVES FOR CALIFORNIA 
Cut-Backs (Mrpium-Curina Types). 


An 18° increase in temperature from 122° F. to 140° F. 
decreases the time of the Furol viscosity more than one 
half even for the least viscous material. A 140° F. 
temperature has been used by some of the States and 
is being considered for use by other States, and it was 
thought desirable to investigate the viscosity values at 
this temperature of a considerable number of liquid 
asphaltic road materials of the slow, medium, and rapid- 
curing types. 

The data for viscosities at 140° F. for materials of 
the slow-curing type are given in table 1, and for mate- 
rials of the medium- -curing type in table 2. Naphtha 
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TaBLE 3.—Furol viscosities of kerosene cut-backs at various 
temperatures 
Viscosity at— 
es Producer es = 
' 140° | 158° | 176° | 194° | 210° 


122°F. | wd F.| F. | Fz 








36, 306 | Standard Oil Co. of California, Bakers- | Sec. | Sec. | Sec. | Sec. | Sec. | Sec. 


BAR) (0 Rens so eek kt ee 488 | 238 | 121 69 44 3¢ 
36, 095 ependard Oil Co. of California, Rich- 
ODI 22 Eo = 2 ee a ee eee een oe 787 | 366 | 187 } 101 | 62 43 
36, 309 Standard Oil Co. of California, Bakers- 
fel Ge So eee ee ae 999 | 432-| 207 | 111 | 67, 48 
35; 1128) eUmione Oil Co. @ let mass eee 1, 247 | 542 | 258 | 136} 81 56 




















36,099 | Standard Oil Co. of California__..-____ 1,400 | 600 | 290 | 151] 88 62 
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cut-backs (materials of the rapid-curing type) were not 
used in the preliminary work, but a number of samples 
of various consistencies from different producers have 
been tested at 140° F. as well as 122° F. The data on 
these naphtha cut-backs are given in table 4. The 
data for liquid asphaltic road materials of the slow- 
curing type are plotted in figure 4, for kerosene cut- 
backs in figure 5, and for naphtha cut-backs in figure 6. 

In drawing the curve for materials of the slow-curing 
type in figure 4, it was found that some of the points 
differed greatly ‘from the general trend of results, and, 
in checking the test reports on these samples, it wa 
found that these particular materials all had a hig 
specific gravity (greater than 1.05), while the gravities 
of the other materials were all less than 1.003. Tw 
curves were therefore drawn and the relationship may 
be expressed approximately as follows: 


A=0.45 B+15, for the low gravity group, 
A=0.36 B+ 15, for the high gravity group, 

Where A= Furol viscosity at 140° F., and 
B=Furol viscosity at 122° F. 


_ The relationship for the kerosene cut-backs, as show 
in figure 4, may be expressed approximately as follows: 


-OILS WITH GRAVITY OF 1.05+ 
500 p>— —- 





+-OILS WITH GRAVITY OF 1.003 - 


400 


| 
| 






300! |= 





200M ees 


100 -}— 


FUROL VISCOSITY AT 140°F. SEC. (A) 





| 
fe) eS Le ce Ne [ —_ : = 
0 100 200 300 400 500 600 700 800 300 


FUROL VISCOSITY AT !22°F. SEC (B) 














Frgure 4.—Viscosity oF Stow-Curina Liquip ASPHALTS AT 
122° F. CoMPARED WITH Viscosity aT 140 F, 
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Fiaurb 5.—Viscosiry or KrrosENE Cut-Backs (MEDIUM- 
Curtine Types) aT 122° F. Comparrep witH VISCOSITY AT 
140° F. 
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A=0.4 B+40 
Where A= Furol viscosity at 140° F., and 
B=Furol viscosity at 122° F. 
The relationship for naphtha cut-backs, as shown in 


figure 6, is approximately as follows: 


A=04-6-, 60 
Where A= Furol viscosity at 140° F. and 
B=F¥urol viscosity at 122° F. 


TABLE 4.—Furol viscosities of naphtha cut-backs at 122° F. and 























140° 
Results of 
Viscosity at— ene eis 
tors at 122 ‘ 
ee Producer 
| 
| 
° ° Mini- | Maxi- 
122° F.}140° F. mum | mum 
Sec. Sec. Sec. Sec. 
BOAO SELL WIN OF COm eater eee a one eee 420 226 426 455 
DAZOO EI DAL DOL ee eee tee, ee ee See 662 338 651 725 
34314 | Standard Oil Co. of New Jersey, Baltimore__| 680 358 729 804 
35208 | Standard Oil Co. of Louisiana_____.-_______- 681 325 685 702 
340 (da Vibe Ag lOs seek ee ee ee 688 | 322 557 792 
35347 | Standard Oil Co. of Indiana, Whiting- 689 327 676 809 
04780 LOOSE OLUIN CO DOS] eee Seen eee aes eee 725 334 577 844 
SOUS OMESHOLLCINOLCO set nt ee eae eee el Oe ee 730 360 604 | 875 
36058 |---.. do pe a as 5 ep ee ae ees 854 432 756 ; 1,060 
35207 | Standard Oil Co. of Louisiana______________- 919 418 895 914 
34317 | Standard Oil Co. of New Jersey, Baltimore- 919 404 900 936 
BOS 4a POX as: PODCMNOCHES = saee sone Aen es 960 430 844 | 1,060 





It is beheved that a continuous flow through the 
aperture of the viscosimeter is necessary to obtain an 
accurate viscosity determination. The control tem- 
perature should be so adjusted as to avoid the dripping 
which occurs when high viscosities are run. In table 1 
there is dripping on all viscosities over 478 at 122° F., 
and when these same samples are run at 140° F. no 
dripping occurs. 

A majority of the kerosene cut-backs listed in table 2 
have much higher viscosities than the road oils listed 
in table 1, and drip at both 122° F. and 140° F., although 
the difference between the time of drip and the vis- 
cosity value is much smaller at 140° F. than at 122° F. 
The time of drip was not recorded in the naphtha cut- 
back determinations, but it is probable that dripping 
did occur on the more viscous materials at both 
temperatures, 

It is evident from a study of the results of ‘other 
operators”? in viscosity determinations at 122° F. (on 
same materials tested in other laboratories) that the 
difference in test values in cases of the heavier materials 
(tables 1, 2, and 4) are quire large. It is reasonable to 
suppose that, if accurate temperature control is ob- 
tained, the differences in viscosity values obtained by 
different operators should be materially reduced by the 
use of 140° F. as a temperature control. The total 
time for the viscosity determination is greatly shortened, 
and uncontrollable factors which affect the accuracy of 
the determinations have considerably less time to in- 
fluence the flow of oil into the receiver. Since the time 
of running the test at 140° F. is greatly reduced and 
the dripping is less, check tests by different operators 
should be in closer agreement. 

Since 140° F. also represents the approximate maxi- 
mum temperature reached in the upper portion of the 
road under summer temperature, it is thought that it 
is a desirable intermediate temperature for the control 
of the more viscous products which have high Furol 
viscosities at 122° F. 
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FicurE 7.—VIiscosity oF KEROSENE CuT-Backs (MeEpIUM- 


Curing Typr) at 140° F. ComMparrp witH VISCOSITIES AT 
180° F. anp 210° F. 


Recently very viscous liquid asphaltic road materials 
of the medium-curing and rapid-curing types have been 
used as binders in road mixes. Mixtures are prepared 
in a portable mixing plant and immediately laid and 
compacted. These materials have exceedingly high 
viscosities at 140° F. If naphtha has been used as the 
cutting agent in such products, it is not thought advis- 
able to make the viscosity determination at a tempera- 
ture above 140° EF’. because of the possible loss of volatile 
matter and subsequent stiffening of the material during 
the test. If kerosene is the solvent used in these cut- 
backs, a viscosity determination at some temperature 
higher than 140° F. is not only possible but is desirable 
because of the shorter time involved in making the test. 
Several states using material of this grade have desig- 
nated 180° F. as the control temperature for the vis- 
cosity determination. 

The Furol viscosities of extremely viscous medium- 
curing materials at 140° F., 180° F. and 210° F., as 
well as float tests at 122° F., are given in table 5. 
Curves showing the relationship existing are plotted 
in figure 7. It is evident that material haying a high 
viscosity at 140° F. can be satisfactorily controlled by 
a Furol viscosity at 180° F. and that the use of 210° F. 
as a viscosity temperature control for this type of ma- 
terial is not necessary. 


VISCOSITY TEST AT HIGH TEMPERATURE NOT NEEDED FOR 
MATERIALS FOR HOT SURFACE TREATMENT 


The consistency requirements for materials to be used 
in hot surface treatments are generally specified by 
viscosities at one of the higher temperatures or by a 
float test at 90° F. or 122° ¥. In many cases the con- 
sistency is controlled by both a viscosity at a high 
temperature and a float test. 

The method of applying these hot materials to the 
road surface is similar to that used in constructing 
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penetration macadam. No viscosity requirement is 
made in specifying materials for penetration macadam. 

It is believed that a viscosity requirement at high 
temperature for material for hot surface-treatment 
material can be discarded from specifications and that 
some test measuring the consistency of the material at 
a lower temperature can be substituted. 


TABLE 5.—Furol viscosities and resulis of float tests on kerosene 
cut-backs at various temperatures 


























Sample no. Viscosity at— | Float 
| ee ON test: 
| Bane 140° | 180° | 210° 133° 

Base | Flux | F, PF. | F. FP. 

36, 769 | 36,608 | Mexican Petroleum Co. (Baltimore)--_--- 1,920 | 372 | 148] 75.5 
1,840 | 352 | 139 70. 0 

1,455 | 290 | 116 58. 0 

682 | 159 75 | 40.0 

34, 326 (1) White -Hacle (Casperess--2- a6 = ekee nes 1,622 | 309 | 122) 78.0 
UBL) |) Pash | SPAN 2 

1,298 | 270 | 100 | 68.5 

920 | 183 81 55. 0 

35, 120 | 35, 122 | Union Oil Co. of California__.......-_____ | 1,506 | 256 | 100 | 67.0 
1,310 | 240 |} 90| 64.5 

1,077 | 218 | 84] 59.0 

925 | 183 | 76) 50.5 

| 














1 Kerosene, no number. 


With this idea in mind, a large number of liquid 
asphaltic road materials suitable for hot surface treat- 
ment were tested for Furol viscosities at 210° F., for 
float at 122° F., 140° F., 158° F., and 176° F., and 
penetration at 77° F. under variable load and time. 
The results of this series of tests are given in table 6 
and the relationship between Furol at 210° F. and 
float test at 122° F. and 176° F. are shown in figure 8. 
The effect of change in temperatures on the float test 
values for a selected number of samples are shown in 
figure 9. 

It is evident that the float test at 122° F. has no 
direct relationship to Furol viscosity at 210° F. for 
the materials tested, although data not included in 
this report indicate that there is a definite relation be- 
tween time of float test at 122° F. and viscosities at 
210° F. if the materials have been produced from the 
same base materials and by the same process. If the 
float tests are made at a higher temperature, the test 
becomes more nearly a measure of consistency for all 
types of material than is the case at low temperatures. 
As is shown in figure 8, a fairly satisfactory curve 
can be drawn to show the relationship between Furol 
viscosity at 210° F. and float test results at 176° F. 
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TABLE 6.—Furol viscosities at 210° F., float tests at 122° F., 140° F., 158° F., 176° F., and penetrations at 77° F. for slow-curing materials 
suitable for hot surface treatment 





































































































Penetrations at 77° F. 
Vis- Float test at— a ee ee 
Se Producer Ee 50 grams 100 grams 
210° F, | $= ——<$—<— 
| 122° F, | 140° F. | 158° F. | 176° F.| 5 sec. | 1sec. | 5sec. | 1 sec. 
| 2 z 
Si Sec. Sec. | Sec. | 
Sol45) |socandard Ol Gono indiana Wood River.---ss42 ese eee en 30 “OT ae “ae *538 a> ee 249) eo so eee 
35265 | Standard Oil Co. of New Jersey, Bayonne 83 39 27 21 | 16ers (Nal ee pay 
BOd00 Ep Langard Oi Ooror indiana sw biting: 5. ees Seeemene o0o. SEN Be) ei ee reel 83 lll ii 48 ST bees smeata 180) cee eee 
Ss204 Phe lexas Go:ubayonnes = ss: = ones S2 cess eee ale Ce ee 4 es ee ee ee 89 48 32 23 Ris lamer ear a (0) 2 | Re ee 
35196 | Standard Oil Co. of New Jersey, Parkersburg: ---2-22-22_12.22.1 21222 100 123 77 51 36. | 310+ 1808 ee eee 
BoovoE PO tandard Oil Copotindiana, Wihiting son sen aes pene Mee ce eR n ent ee 133 108 70 48 SF lsat ee 19 ty Sees pees 
BOOST LAS ED pu OLLY Suse = eee Se Se Be ee ns ne ee. FUR Per ben Aaeiee, 143 66 42 32 21a aes (Dame tee ee | ee 
BoZoGNMpLanGard. Ol @onofeNew Jersey, DayOnne. laces meen nee Oy Ae es) 181 85 56 36 30a cee ae (2) eet ee ee 
36267 J2=--— see eee ae ch res Se ee et ee A Pf 220 88 58 40 30, ieee COU gL eeee ee sare 
BAAS a ED NOWhOxas, © 07, MDaYOnMes=as ee eee eke re et ed eee ey ay TI! 232 93 60 41 30 | 300+ (Ay ie |e aee Seas 
Doss FE ONO Ol: Cor nNOrcOss woceeow sacs eee) eee ahs 52k a et ela 253 87 64 42 Ed [eee Oe ke a) ee 
SOs otanaard Olle on ol New Jerseys! DalbiltnOre sss oeme seta a a Te) 254 104 i 50 Pfc Merete ie 7). Wigd SE Pan Be ae) Re 
Bosvim|potanGard Oui CororOalitornia.. 5 akersiolda se ee ee enn © peepee gy 266 166 107 68 46 | 294+ LOS: (Cece ea 
368635 Miexicanebetroleum. Corporation; Baltimorenm. sees a) sere a ene SN 267 109 7: 50 67 pase (OUie |S ee Sees 
CozLBal pO tandardOMlConomC@alifornian Elisoriund Oly sues eas = see Onn Oey 267 133 83 57 39 | 283+ ily Late eee eS oe 
3440 Tae NO LLexas OOF Ou NOChOSauan ene eee, Uae eet a aaa) A GR ee ee ws i  E 326 103 71 50 35s eer Gy (tao s= ee 
SOLS aes ClantvicneLniIne (Cols Brunswick Ga oo seees nee = ae ae ee ee eee 328 105 76 50 Shy ee OH hal te oe eee | eR Se 
36085 | Mexican Petroleum Corporation, Destrahan, La____..._........-_--._----------_---- 331 117 79 7 Abe eee os DAG) eee ae eee 
DOOUSamovandard Oil Coe Richmondesssses: se) seen nee Sep eee eu eRe Te 333 165 104 69 48 | 285-- 118) ||-22ace Soe 
3G (SOR NOPL OXas OO.) BAYONNE sess ten. een Sateen tr at cee aS eee A 342 115 75 54 3000 eee Cy see hea i 
Boose ShellsOl Com \larhines sO Alita. sen. meee «Sean oe PTY PR 342 171 111 75 51 | 277+ 111} 303-4 200 
BossoN| Stanaand OnliConoL Newsy OrkshlVversl| Ge. sco eae eee eee es ae 347 118 80 56 ACh Leta ae OBS ae |e 
Soslioestandard Oil Govot California; Bakersheld. 22 2ee es) eee ee 355 206 119 82 52 | 193 CEMTEGEDIE  \lem 7 oo 
BHLIOR PUTION Oil COs OlouTimex meee se eee mere HONE eT | peat PLR Tk ee PALE 5 ee Oe 191 114 76 52 | 242 115 | 291-++ 199 
313254 pL NeOULOxas COG DAY OUN Cs nates eee en ets Oe OE ee 366 142 92 63 42 | 255+ 1493; es eee anes 
SoossaleotandardsOil Comof indiana, Wiinitingoss a aan een ee re ee ee 367 139 89 65 43 | 315+ Dire i) eee aks |i = Ps 
300407 ||*Standard!Oil Go; ofsNew Jersey, baltimore... 222.8 se es ee 369 149 97 65 42 | 281+ Ye Asean rs Canc ee 
Colas ED pandard!Ouee onoimO li Ome ese te ae ae a bree esse ee ee 398 139 92 61 41 | 290+ GO} enone | eee ees 
SOLOzmeDtandand. Oil ©Onor New werseyarb aluimOrees a= 2 2s = enn nee ee ee ee 442 166 103 2 48 | 283-1 1S24| Seas be Beers 
BoOs2a po nellOiiO@or,. Meartines. Califs Sti els ee ee oe 2 452 260 140 96 67 |) 157 635 M20 Ga 
36220 § Gilmore iOil@ oLe ea ee eee oe eee ee ee eee 456 223 133 87 57 | 158 OF e200 he eae eee 
SOLUZmm\LexicanpeLrolount COLnMorahiony b oliimMOnoue essen esse cose ena ee seen. ae sew ee ass 484 153 100 71 47 | 290+ 1a Ep eal 2 Ce 
So0o2 Hep candard Oil) Coy onCaliforntay Richmondessss.2 2s) one ee se eee ee eee 512 242 136 88 61] 146 63h sa OL ae ees 
BOSZOMESTANGArG OllC Oyo LOlisialng een eee ssce = eee ee el eb oe) eee r 540 189 120 84 55 | 237 120 | 295+ 186 
Bod AMES Holle il COmpNiOr CO metre a enee ate roe Poh wee Sets SOA eR Ie ee en eS 563 158 108 77 52 | 309+ TG a |e eee ee ee 
BUOcosIPASSOCIATeCEOIMA Ons eee) os a8 ecee eet ee OR ee Oe A ee 570 316 159 105 68 | 126 52) GOP Ee ee 
4496s oho Vexac Com Port Neches sess aoe aye oe meee eer coven De oh ee ee ee 627 212 124 86 56 | 222 136 | 305+ 199 
AZoM OLOMIAIV BEACON Ola, Omsas om meee cin user eee ees hans eee ot et A ee ee eee 628 183 lll 82 Bon 278 144 | 302+ 240 
BOLL OE MU MONE OMI Or, 1 letiinaeere ere eee eee ee ee, Se eee ee 644 308 159 97 On| eer Gayl aby sea 
36086 | Mexican Petroleum Corporation, Destrahan, La__._._..._..._._______--_------------ 653 187 115 83 59 | 266 136 | 292+- 198 
Vas Baad | \NWALO Roel BEE Ced Gye Se Se le oe i a eS De fe eee ee el 693 297 157 102 69 120 60 180i a esso 225 
Bosom eovendarGeOlL@ Oxon bOuisiaiaas wee ae ene ee Ce Jenne Wee ee eee eee 770 248 147 99 69 | 165 OFT 23 0oe sete sens 
OSs Og LODE MAOII@ Ome NOL CO mee ene eee ean ee enn heen Se ene ee ee ee ee ee 846 228 133 93 67 | 238 120 | 298+ 195 
Boztoa mS LandardsO ue ouomealiiorna sh Secund Ose oneee ae en eee eres ees eee 960 501 213 129 90 85 AY |) sl2L, aiikeo oe 
BOGUS aE Atlan ti CevOllninet.O me DEUS Wicks Gaceee = eet on ge eee ee ee ee ee ee 985 271 147 100 72 | 188 OS ilk ¥ 2645 Ie eee 
36087, Mexican Petroleum: Corporation, Destrahan, La_--2---__----_2-=2-.-.__--2_ 22-22 1, 085 285 165 109 76 | 159 SD ih 220 fea 
SOS OME CL MmOTesO1 CO OMmmes RNR RTs Be iy OE BS een ee 1, 181 491 221 133 96 | 97 AST 158 een, | eee cee 
BOOT SA ROLANGaLG Olle OOmOmisOUlC al a aan ee ee ee en ene ee ot Se oes 2 ee 1, 248 403 190 124 88 | 126 65pm L6Siy es eee 
SHUG || GDaY) ANG ang) loys, eLorae ING LON are, ey ge Cen DUT SRSA eee 1, 293 491 221 131 88 | 110 61162 see 
1 Too soft for test. 
+ 35230 GILMORE OIL CO. The one outstanding feature developed by these con- 
SAT hers Ce Pees ite eae ela sistency tests is that although the materials tested are 
© 34496 THE TEXAS CO., PORT NECHES, TEXAS ‘ ; 5; P 
4.35356 STANDARD OILCO. OF INDIANA, WHITING, INDIANA often considered as fluid asphaltic materials, 14 of the 
0 35265 STANDARD OIL CO. OF NEW JERSEY, BAYONNE, N J group tested gave penetrations at 77° F. (100 grams, 5 
500 : - seconds), from 264 to as low as 121, and that only 10 
may be considered as liquid bituminous materials as 
such materials are defined by the American Society for 
Testing Materials. According to this definition only 
400 those materials having a penetration at 77° F. under a 
load of 50 grams applied for 1 second, of more than 
350, are liquids. The viscosity determination at high 
Soe temperatures for materials for hot-surface treatment 1s 
eS unnecessary. <A float test could be used, but for soft 
CD ° . ie loodard 
He semisolid asphalts a penetration test at 77° F. under a 
ae) load of either 50 or 100 grams seems to offer the better 
S 200 | — means for laboratory control and avoids the use of 
ie . . . 
viscosity tests at high temperatures. 
CONCLUSIONS 
100 
1. There is need for tests at a number of tempera- 
tures to adequately cover the wide range in consistency 
of liquid asphaltic road materials. 


Figure 9.—RELATION BETWEEN TEMPERATURE AND [LOAT- 
Test VALUES FroR MATERIALS FOR Hot Surrace TREAT- 








12e 140 158 176 
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MENT. 





2. The use of 140° F. and 180° F. should prove satis- 
factory as control temperatures in Furol viscosity de- 
terminations for the more viscous liquid asphaltic road 
materials. 
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3. When practicable the temperature designated for 
control should give a Furol viscosity of less than 500 
seconds. However, the more viscous materials of the 
rapid-curing type should not be tested for viscosity at 
a temperature higher than 140° F. 

4. Many so-called liquid asphaltic road materials, 
which are used in hot surface-treatment work, and which 
are designated as hot oils, 90 and 95 percent road oils, 





(Continued from p. 211) 
stronger and better suited to severe traffic conditions 
such as were imposed. 

17. Sand considerably coarser than is generally em- 
ployed in asphalt pavement construction, was sat- 
isfactorily used in the stable, dense, coarse-graded 
asphaltic concretes of the first series of tests. 

18. No influence of the consistency of the asphalt 
cement upon the service characteristics of the coarse- 
graded asphaltic concretes was apparent. Stable mix- 
tures were laid with asphalts ranging from 45 to 75 
penetration. 

19. The five sections of asphaltic concrete of the 
second series of tests satisfactorily carried bitumen to 
the extent of 85 percent to 95 percent of the volume of 
the aggregate voids. Aggregate voids were deter- 
mined for slabs removed from the traffic lanes after the 
service tests had been completed. 

20. The stabilities determined by the roller stability 
machine conform to the observed service characteris- 
tics of the asphaltic concretes tested in the second 
series of tests. This apparatus constitutes a means by 
which mixtures of this type may be conveniently 
studied and compared, 


LIMITED APPLICATION OF TEST RESULTS EMPHASIZED 


Attention has been called to the reasons for these 
tests and to the conditions under which they were 
conducted, but it may be well to emphasize their lim- 
ited scope and to warn against unconsidered application 
of the data and observations presented. At no time 
was it anticipated that a complete method of bitumi- 
nous pavement design would be developed from these 
tests. It was desired merely to determine under con- 
trolled traffic conditions the relative traffic resisting 
capacities of a wide range of mixture compositions for 
correlation with laboratory stability tests which were 
in process of development. This aim was realized but 
the data collected were naturally studied with relation 
to existing theories. 











Vol. 14, No. 11 














etc., are in fact semisolid asphaltic materials. These 
erades of material probably can be controlled best for 
consistency by either a float test at a low temperature 
or by a penetration test at 77° F. under a load of 50 
or 100 grams. 

5. Tests at a temperature of approximately 210° F. 
can be omitted readily from specifications for liquid 
asphaltic road materials. 


There are several reasons why the indications of these 
experiments cannot be applied indiscriminately to all 
problems of mixture design. The property of stability 
is but one characteristic which a mixture should possess. 
To design for the highest possible stability may result 
in the adoption of a mixture which is unduly expensive, 
greatly deficient in bitumen or otherwise unbalanced, and 
consequently not the best suited to the specific condi- 
tions under which it is to be used. Very high stabilities, 
such as those apparently necessary to resist the excep- 
tionally severe traffic of these tests, are not generally 
essential. It was found that a minimum stability of 
about 2,000 pounds was required on certain heavy- 
traffic New York City streets and under light to 
moderate traffic on country roads 1,000 pounds stability, 
or even a little less, has proved adequate to resist 
deformation. In such cases as the latter an attempt to 
attain unnecessarily high stabilities might yield pave- 
ments which would crack excessively or which would 
be undesirably high in voids. 

Materials from different sources vary widely in their 
capacity to impart stability to mixtures. Since these 
tests were conducted, research has demonstrated that 
the sands used in these tests possess greater stabilities 
than those from many other sections of the country. 
This characteristic is not a function of gradation, so 
that sands selected at random but duplicating the 
mesh composition of these experimental mixtures 
cannot be similarly proportioned in surface mixtures 
and trusted to develop corresponding stabilities. 

Therefore the value of this study does not rest in 
the actual pounds of stability, percentage of voids, or 
other characteristics of the mixtures described, but 
rather in the indications of interrelationship which 
exist and which must be considered, weighed, and 
evaluated with reference to the controlling factors of 
traffic, materials, climate, etc., involved in any indi- 
vidual design problem. 
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A LABORATORY TRAFFIC TEST FOR 
LOW-COST ROAD TYPES 


HE Bureau of Public Roads has recently built and | 


placed in operation at the Arlington Experiment 
Farm a small circular test track for applying, in 
the laboratory, traffic tests to sections of highway sur- 
faces. The test was designed primarily for the study 
of low-cost bituminous types, but it is believed that it 
may be adapted for other studies such as, for instance, 
subgrade stabilization, motor-vehicle tire wear, etc. 
The track consists of an annular concrete trough 2 
inches deep, 18 inches wide, and 12 feet in diameter at 
the center line. The depth i is sufficient to permit the 
use of various combinations of base materials beneath 
the bituminous test surfaces. Along the smaller cir- 
cumference of the trough in which the test sections are 
held, and cast intregally with it, is another trough 3 





and enables the operator to place the path of either 
wheel at any point on the test surface. 

An electric motor operating through a 3-step cone 
pulley and a worm reduction drives the vertical shaft 
at the center of the track. 

The test wheels may be operated at speeds of 41s, 6, 
or 9 miles per hour as desired. The low speed has 
proved to be most convenient when distributed traffic 
for compacting the surface is required. For the testing 
of the completed surfaces, concentrated traffic and the 
highest speed are used. 

The number of trips made by each wheel is recorded 
by an electrical contact mechanism on the central ver- 
tical shaft operating a magnetic revolution counter at 
a point outside the track. In addition to this record, 





The asphaltic material in this section has a Saybolt-Furol 
viscosity at 122° F. of 1,230. 


The asphaltic material in this section has a Saybolt-Furol 
viscosity at 122° F. of 89. 


Errrecr or O1L ConsIstENCY ON THE STABILITY OF THE OILED AGGREGATE SurRFACE UnpbR Trst TRAFFIC. 


inches wide and 13 inches deep intended to be used as 
a reservoir for the introduction of water into the base 
material under the test surfaces through small open- 
ings at the base of the partition wall. By this arrange- 
ment the track may be flooded or the water may be 
introduced through ¢éapillarity. 

Two full-size automobile wheels provide the traffic 
for the tests. These wheels are fixed to the two ends 
of a rigid structural member which is rotated in a hori- 
zontal plane by a vertical shaft in the pedestal at the 
center of the track. The upper end of this shaft is 
squared and on it rides a freely sliding square nut 
mounted in trunnions in the cross member. This 
arrangement causes a constant wheel load (that due 
to the weight of the wheels, tires, and cross member) 
to be applied at all times regardless of the irregularities 
of the test surfaces. At present this load amounts to 
about 800 pounds per tire. Although the distance be- 
tween the two test wheels is fixed, a “handwheel adjust- 
ment is provided which shifts the position of the square 
nut with respect to the midpoint of the cross member 





the data being collected include the corresponding be- 
havior of the material under test, the density of the 
surface before and after test, oil migration, water con- 
tent, and amount of material lost due to raveling. It 
is hoped that this information will make possible the 
evaluation of the important factors affecting the be- 
havior of oiled aggregate mixtures. 

The apparatus is now being used to investigate the 
effect of the percentage and consistency of the bitumin- 
ous material on the durability and stability of mixtures 
with one type and grading of aggregate. A later phase 
of this first series of tests will involve a study of the 
effect of capillary water on the same mixtures. Various 
other factors influencing the behavior of different types 
of bituminous surface will be studied. 

From the preliminary work which has been done up ° 
to this time it appears that the apparatus will provide 
a very useful method of studying some of the many 
factors involved in the performance of low-cost bitu- 
minous surfaces. 
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